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FERROMAGNETIC p-TYPE SINGLE CRYSTAL ZINC OXIUb AND METHOD FOR 



PREPARATION THEREOF 



(57) The present Invention provides a single-crystal 
ZnO thin film having a high ferromagnetic transition tem- 
perature. In one aspect of the present Invention, the ZnO 
Thin Aim comprises a ferromagnetic p-type single-crystal 
zinc oxide including a transition metal element cons st- 
ing of Mn. and a p-type dopant. In another aspect of the 
present Invention, the thin film comprises a ferromag- 
netic p-type single-crystal zinc oxide Including a transi- 



tion metal element consisting of Mn. a p-type dopant, 
and an n-type dopant. The ample-crystal zinc oxide ma- 
terial can be applied to quantum wm^dh^ 
capacity magnetic-optical recording medium by combin- 
mg with conventional n-type or p-type transparent elec- 
trode ZnO materials or optical fibers, and to powerful 
information-communication devices or quantum com- 
puters as a photoelectric material usable for a wide 
range from visible light to ultraviolet light. 
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manufacturing method thereat. 

BACKGROUND ART , MO electrie properties 

.00021 zinc oxwe to e materia. having elect**!* ^^SSS StK£ material having 

Si Known a method lor I optoelecuon^compo^ 

suitable transparency and crystal-axis orientation «» " £7m** ** b "« n known ,or P roduc,n 8 a ^ ' 
ijaoanese Patent Laid-Open Publication No. Hel 05-254991). A ^nc oxide ol material with 

a doping materia. (Japanese Paten ^^" P ^^^ dU c tor composed ol a single crystal Including rinc oxide 
beenkn^naaamemodforprod^ingap^^ 

as a primary component (Japanese Patent LaW-Opon ^"^J™™,, ^ , t Bte therein successfully, 
such zinc ox.de materials, It ha. ^"^^ " ^,7 Jn ha^9 a high ferromagnetic-transitlon temperature 
[00031 Achieving a single-crystal ZnO ^J^ZZ^^^Z medium capable of transmitting larger amount 
Els provid.no op**. ^» re •^ W ^^ a ST e , ^STn^^«^ required for oncoming large- 
of information, and makes It possible to fabricate a oeslrabm el ^ nc ^ ^ way t0 fabricate a light- 

l.o mtormaflon transm^ZnO a^ haa a ^^^ens^ l^n 'of manufacturing technologies tor 

spin InMn doped Into ZnO being a wide-gap semiconductor. 
DISCLOSURE OF INVENTION 

. with a stable ferromagnetic critical temperature mare to provided a p-type ferromagnetic single- 

(00071 Further, according to another aspect of the present "yentlon. J »«»» ^7~ dl P J^, (or generating ferro- 

53 zoo £ p-«yp- 

JOOW, An ^ai^Qi^cn^Szftr^rrtfitarta^ ^e^nMerrt hw^Uo^^an be^wst In the range of 1 to 99 

having a hole concentration of 1 x tO« crrr» or tt^e to reduced. 

Tooll, Thetarromagnettep-tvpe^ 

So^Tm"^^ 
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^ohole^ntration. This allow* the '^^^^'^S^n aZ^*pod-*o>o conccnt^on. 
^ralur-tolowortomp-mturaaccordJogto n M d by »^^ o ^" ""^^ a method tor manufacturing the 

EST According to stm another aspect of tha presentment! on, ftom « soBfrstate 

To eln^edf agnatic p-type 

sou^eof Zn orZn oxide and an activated ^TaTtha MOCVO process or MBE process, an 

^°ZZ«->™ sourceo, Zn orZn ^^^^tTS^^^ 
rnoisi PreferabV.mesubstratehasatemperatumlnme^ 

S lowered growth rata of the thin a* ^^^^J^Smdad^.tzaWUty and 
STToo-C teedsTo Intensive release of oxygen and '^Jj^ ^ate. a silicon slr.gle<rystal substrata 
owered dop.ng affect. Tha substrata may ^^ZS^^^ *• aa ™ ^ structure M *£ 
formed with SO. a sapphire single-crystal ""^fjjjg ™ ™ to n0 sl g„j.cant dftfarenca between tha above 
of ZnO and substantially tha same lattice constant -*22£22Lg an average value of respective lattice con- 
substrates. Further, a chromium oxide layer or tHanlum °f 6 JXeen to ^uca unconformity In crystal lattice, 
stems of the substmte and thin film may be ^ p.,ype slngte^rystal ZnO material of the 
[00161 in the method tor manufacturing the ^^"^J^Kan M of the n-type dopant. This can be 

, Sir, inmeab^emanutac.udngmethod.e^ 

be controlled by adjusting tha Mn « n " n ^ n * n '^ e Xe "incased as the Mn concentration anoVorthe 
crystal zinc oxide material. The ferromagnetic ^'^^^^ temperature can be suitably controlled for 
doped-hole concentration are Increased. Thus, tit ^.„ n ^ ote concentrations, 
enured purpose according to ^ \\%lZ*£TZor Mn or any Mn ox.de are doped, a radio 

o (0018) When the p-type dopant, n-type d^ami »r i W^™"> t „ brlng mto an atomic state. 

beam, laser. X-ray or electron beam may be used £ exdta the me of its exclton Is longer then thet of 

[0019J ZnO te transparent because of Its , largel ^ ^ * '^ |et/Wu0 teore or uttravloleVblue light 

r^nteT^^ 

for example, by a mtlooM :2. This With the resulting kinetic energy of 

than the crystal flew apllt (up to O.e eV) thereof, whteh Mn , oas m a crystal without 

Lcrystal. In a^o^ta of energy for Inverting**.^ 9 

so state. 

BRIEF DESCRIPTION OF ORAW1NGS 

[0033] Fig. i is a schematic side view showing an apparatus for manutacturtng a Mn-doped ferromagnetic p^ype 
** S;rC^2S ST^ctron, states o, a ferromagnetic p^typja ZnO material codoped 
2th Mn as a tmns.tifnmete. element. Ga as a donor element, and N as an acceptor element. 
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to 



BEST MODE FOB CARRYING OUT THE INVENTION 
2^nt«mon,h..ub«mt.*.Zn.nd^ 

having a purity ot 99.99999 with a h.at.r to bring them into an N N , an rf radical co\\, 

atomic graving a purtty of 99.99^99 war^ar^a^ngO,^ £ ^ Rp (13 5fl MHz) „^ 

;KS.SSe.) S. end an ^^^a^c N as tha p-«ype dopant and atomic Mn wore 
{wfllSu-nB forming a dim. while Ga as th. XU' Torr and 10* Torr, 

» peratures. 
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Table 1 




substrate temperature 


acceptor concentration 
(cnr*) codoplng of Ga and 
N 


Mn concentration (moi%) 


ferromagnetic transition 
temperature (K) 


350 
400 
450 
600 
750 


4x1 0« 
6x1018 
6x10 19 
8X10 20 
8x1 0 21 


5.2 

8.0 

12.4 

25.3 

34.5 


150 
289 
389 
520 
780 
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Mn at a high concentration. The exchange split •^^•T^^'SJSSS ^hTeved. The local magnetic 
crystal-field spilt Is about 0.8 eV. which shows that a high-spin state (S - 5/2) has oeen acn 
moment at Mn sites Is 4.8 Bohr magneton (mO per Mn atom. 

INDUSTRIAL APPLICABILITY 

[0031, As described above, the P<"-^ 

oxide) material Including Mn and a p-type dopant (hole). Thh Tf^^Jf?^ 0 "p.type transparent electrode 
capacity magnetic-optical recording ^^l^^^Z^StX^Xm computers as an op- 
ZrvO materials or optical fibers, and to powerful M °™^«^"J^™ * 
toelectronlc material usable for a wide range from visible light to utttavlolet light. 



4 



EP 1219 731 A1 



Claims 

1. 
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3. 



^ mfltftrW tncKKimg a transmon metal element consisting of Mn. and 

Aferromagnetter^^ 

a p-type dopant. 



f3 



p-type dopant, and an n-typo dopant. 



n-n/oe dopant, and an n-typo dopant. • 

p-typooopa , , . .„ 0)(Wa ^rtal as defined In claim 1 . In which 

Amethodforma^tactu^^ are au^lod onto a 

i^atonrfc 9 a» iron, a «**m T^i^SSSm " the eubetrate. an atom* *pant 

^^^^^^^^ 
than that of the n-typo dopant 
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1: vacuum chamber 




Fig. 1 
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solid line: majority spin 
(up-spin) 



broken fine: minority spin 
(down-spin) 
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